BACKGROUND: Overweight and obesity are also found among persons with type 1 diabetes. OBJECTIVE: The present study examined which nutrients predict the body mass index (BMI), the waist-to-hip ratio (WHR) and the waist circumference (WC) of European persons with type 1 diabetes. DESIGN: Cross-sectional, clinic-based study (EURODIAB Complications Study). SUBJECTS AND METHODS: Nutrient intakes (assessed by a 3-day dietary record) predicting measures of body weight (BMI, WHR and WC) were determined by stepwise forward regression analysis in 1458 males and 1410 females with type 1 diabetes (P 0.05 for inclusion). RESULTS: In men, a higher carbohydrate intake was a significant independent predictor for lower levels of BMI, WHR and WC, an increased saturated fat intake and a lower intake of cereal fibre predicted a higher WHR, a higher monounsaturated fat intake and a lower glycaemic index of the diet determined lower levels of WHR and WC, and a moderate consumption of alcohol determined an increased WC. In women, a higher carbohydrate intake predicted a lower BMI and a thinner WC, no alcohol consumption determined a lower BMI, and an increased intake of saturated fat and a lower consumption of cereal fibre were significant independent predictors for a higher WHR. CONCLUSIONS: A modified fat intake, an increase of carbohydrate and cereal fibre intake and a preferred consumption of low glycaemic index foods are independently related to lower measures of body weight in European persons with type 1 diabetes.
Introduction
Obesity is now recognised as a chronic disease producing major public health problems throughout the world. Excess abdominal fat appears to be a key risk factor for the development of many other chronic diseases eg cardiovascular disease (CVD), type 2 diabetes and breast cancer. In European countries, the prevalence of obesity is currently estimated to range between 10 and 20% in men and 10 and 25% in women and has increased by about 10 -40% in the majority of European countries over the past decade. 1 Overweight and obesity are seen also among persons with type 1 diabetes and improvements of glycaemic control achieved by more intensified insulin treatments are unfortunately sometimes associated with weight gain. 2, 3 On the other hand, higher body weights in those with type 1 diabetes are related to the occurence of CVD 4 and its risk factors 3, 5, 6 and determine the development of retinopathy and peripheral neuropathy. 7, 8 Obesity is a consequence of an energy imbalance and weight maintenance requires a balanced caloric intake, regardless of macronutrient composition. There is still discussion which nutrient alterations might be favourable to achieve or maintain a desirable body weight and whether an optimal nutrient composition exists in this respect. 9 -11 Most observational studies in the general population relate nutritional intake to body mass index (BMI), body weight or percentage body fat. 12 -23 While the BMI represents a useful measure of obesity, it does not account for the body fat distribution. 1 However, particularly individuals with excess intra-abdominal fat as determined by the waist-tohip ratio (WHR) are at increased risk of the negative health consequences of obesity. In addition to the WHR, waist circumference (WC) is now recognised as a convenient approximate measure of intra-abdominal fat mass and total body fat 1, 24 and it is also associated with risk factors for CVD. 25 Therefore, it appears prudent to relate nutrient intakes to BMI, WHR and WC.
The present study examined which nutrients determine the BMI, the WHR and the WC of 2868 people with type 1 diabetes enrolled in the EURODIAB Complications Study.
Patients and methods

Patients
The EURODIAB IDDM Complications Study was a crosssectional, clinic-based study of 3250 individuals with type 1 diabetes from 31 European centres. The study determined the prevalence of diabetic complications and examined established and putative risk factors related to these complications. Within each centre a sample of individuals aged 15 -60 y with type 1 diabetes was selected from defined strata in relation to gender, age and duration of diabetes. Details on the selection procedure have been published. 26 For the present analysis, data on nutritional intake were available from 2868 (1458 males, 1410 females) persons with type 1 diabetes. Of these 1450 male and 1401 female individuals had WC measurements taken. The WHR was assessed in 1449 male and 1400 female patients. The BMI could be calculated for 1448 male and 1399 female persons with type 1 diabetes.
The study conformed to the Declaration of Helsinki, and the study protocol was approved by local ethical committees in each centre. Informed consent was given by all participants with type 1 diabetes.
Methods
The standardised nutrition assessment used in this study has been shown to provide highly reliable nutritional data. 27 Overall, 89% of the patients reported a plausible energy intake (reported energy intake: estimated basic metabolic rate > 1.06). The specific assessment procedure is described in detail elsewhere. 27 -29 In brief, 3-day dietary records comprising two working days and a Sunday were completed by the individual with type 1 diabetes according to instructions from the local centre dietician. The diaries were then coded by the dietician using a centrally prepared EURODIAB food list 30 -34 and rechecked and computed at the Nutrition Co-ordinating Centre in Düsseldorf. Dietary records were analysed for intakes of fat (total fat, saturated fat, monounsaturated fat, polyunsaturated fat, cholesterol), protein (total protein, animal protein, vegetable protein), carbohydrate, fibre (total fibre, soluble fibre, insoluble fibre, cereal fibre, fruit fibre, vegetable fibre), glycaemic index, alcohol and energy.
Height and weight were measured using a stadiometer and a calibrated beam balance, with patients wearing light clothing and no shoes. WC was determined at the midway level between the costal margins and the iliac crests. Hip circumference was measured at the level of the greater trochanters (if not palpable, the largest gluteal circumference was recorded). Subsequently, BMI (kg=m 2 ) and WHR were calculated. 4 HbA 1c values were determined in a central laboratory (Royal London Hospital) using an enzyme immunoassay with a notably low normal range of 2.9 -4.8%. 35 A questionnaire completed by all individuals with type 1 diabetes provided information on the number of daily insulin units injected per kg body weight, physical activity, smoking habits and education. Age at completion of fulltime education was used to define socio-economic status. 36 
Statistical analysis
Mean daily intakes of energy and nutrients were calculated from the 3-day record of each individual. In order to analyse potential influences of nutrients on body weight independently of total energy intake and to partly account for possible energy-underreporting adequate energy adjustments are essential. In this study all nutrients as well as the glycaemic index and fibre intakes were adjusted for total energy using the residual method. 37 Since diet composition is determined by the relative contribution of a macronutrient (eg reduction of fat intake will result in a relative increase of carbohydrate intake) intakes of fat, carbohydrate and protein are expressed as percentage of energy.
Linear regression analysis was performed to examine the bivariate relations between measures of body weight (BMI, WHR and WC) and the different nutrients. Stepwise forward linear regression was used to assess the independent effect of nutrients on measures of body weight. Potential dietary predictors to be selected for the final model were intakes of saturated fat (percentage of energy), monounsaturated fat (percentage of energy), polyunsaturated fat (percentage of energy), cholesterol (mg=day), carbohydrate (percentage of energy), cereal fibre (g=day), fruit fibre (g=day), vegetable fibre (g=day), glycaemic index (%), protein (percentage of energy) and alcohol consumption (none, up to 20 g=day or more than 20 g=day). To control for potential non-dietary confounders, model-building also considered the following non-dietary predictors: age, HbA 1c , insulin doses (units=kg body weight), vigorous exercise (at least once a week) and smoking habits (never, current or ex-smoking). The criteria for a predictor to stay in the model was P 0.05. Since some centrally measured HbA 1c values were missing from all centres, only 1043 men and 1006 women could be included in multivariable analyses. To assess the relative importance of each predictor, parameter estimates (with standard errors) were calculated in bivariate and multivariate models. For a continuous predictor this was the change in BMI, WHR or Nutrient intakes and body weight in type 1 diabetes M Toeller et al WC associated with each increase by 1 unit (eg change in WC (cm) associated with an increase in carbohydrate intake by 1%), and for a categorical predictor, this was the change associated with the presence of this predictor relative to its absence (eg change in WHR associated with the practice of vigorous exercise). All analyses were carried out separately for men and women.
To further illustrate some of the relations between measures of body weight and nutrients, adjusted means by energy-adjusted quartiles of nutrient intakes were determined. The adjusted means were the least square means predicted by the model when the other predictors were held at their mean value. All statistical analyses were carried out using the SAS program. 38 Results Table 1 presents the characteristics and mean nutrient intakes of 1458 male and 1410 female European individuals with type 1 diabetes. Overall, 1.8% of the male and 2.8% of the female persons with diabetes showed a BMI below 18.5 kg=m 2 and 72% of the men and 70% of the women had a BMI between 18.5 and 24.9 kg=m 2 , 26% of the men and 25% of the women were overweight (BMI 25 -< 30 kg=m 2 ) and 1% of the men and 3% of the women were obese (BMI 30 kg=m 2 ). 1 Similarly, a WHR in the normal range ( < 1 for men and < 0.85 for women 1 ) was seen in 90% of the men and 80% of the women. The risk of obesity-associated health complications as indicated by the WC was increased in 12% of the men (WC 94 -< 102 cm) and in 19% of the women (WC 80 -< 88 cm) and substantially increased in 3% of the men (WC 102 cm) and 13% of the women (WC 88 cm).
1,39 Individuals injecting insulin frequently ( 3 times per day) did not have higher BMI, WHR or WC compared to those injecting insulin less often (data not shown).
Bivariate associations between measures of body weight and nutrients for men and women are given in Tables 2 and  3 , respectively. Overall, for both men and women, most relations of nutrient intakes were seen to WHR and WC, rather than to BMI. In both genders increased intakes of fat (total, saturated, polyunsaturated and=or cholesterol) and protein were related to a higher WHR or WC, whereas increased intakes of carbohydrates and fibre (total fibre and cereal fibre) were related to a lower WHR and a thinner WC. Significant associations of WHR, WC and BMI with the dietary glycaemic index were confined to men. Genderdifferences were also observed for alcohol intakes: men recording no alcohol consumption during the 3 days of recording had lower measures of body weight, whereas those with a moderate or a higher alcohol consumption had a higher WHR, WC or BMI. By contrast, in women those consuming moderate quantities of alcohol had a thinner WC and a lower BMI. Tables 4 and 5 present the significant independent predictors for measures of body weight in men and women. The predictive values of the models for WHR and WC were generally higher in men, where the model for WC had the highest predictive power (r 2 ¼ 0.26). In men, the carbohydrate intake of the diet was a significant and independent dietary predictor for BMI, WHR and WC; the quality of fat significantly determined WHR (saturated fat and monounsaturated fat) and WC (monounsaturated fat). The glycaemic index of the diet was predictive for WHR and WC, cereal fibre intake was predictive for WHR, and moderate consumption of alcohol remained an independent dietary determinant of WC. For women, no alcohol consumption was independently related to a lower BMI. WC and BMI of women were predicted by carbohydrate intake, while the dietary determinants of WHR were intakes of cereal fibre and saturated fat. Figures 1 -3 further illustrate the associations of BMI, WHR and WC with those independent dietary predictors found to be significant for both men and women: carbohydrate intake in relation to BMI (Figure 1) , intakes of cereal fibre and saturated fat in relation to WHR (Figure 2 ) and carbohydrate intake in relation to WC (Figure 3 ).
Discussion
Overweight is also seen in people with type 1 diabetes. 2, 3 This study shows that the nutrient composition of the diet is related to measures of body weight in European persons with type 1 diabetes. In both men and women, higher intakes of carbohydrates were associated with a lower BMI and a thinner WC, and higher intakes of saturated fat were associated with a higher WHR, while an increased consumption of cereal fibre was related to a lower WHR.
In the present cohort, nutrient intakes were particularly associated with the intra-abdominal fat mass (WC and WHR), which determines the risk of other chronic deseases.
However, Molarius and colleagues pointed out from 19 populations of the MONICA Project that WC and WHR, both of which are used as indicators of abdominal obesity, seem to measure different aspects. 40 They described the Gender-specific quartiles are plotted at the median intake of the respective quartile. WHR in men is adjusted for age, HbA 1c , monounsaturated fat, carbohydrate, glycaemic index and saturated fat intake or cereal fibre intake. WHR in women is adjusted for protein, vigorous exercise, ex-smoking, current smoking, insulin doses and saturated fat or fibre intake.
Nutrient intakes and body weight in type 1 diabetes M Toeller et al degree of overweight as the predominant determinant of WC while most of the variation in WHR in their project remained unexplained, at least by demographic and anthropometric variables. In the present study WHR and WC differed in their association with nutrient intakes. Nonetheless, the observed relations might be merely different features of a common dietary pattern, as a high carbohydrate intake is usually accompanied by a low saturated fat intake and a high cereal fibre intake. However, the present explorative analysis cannot provide information on the biological mechanisms potentially underlying the observed associations, and little evidence is available from controlled clinical studies on which speculations could be based in this respect.
In cross-sectional analyses associations between nutritional intake and body weight can be confounded by energy under-reporting specifically of those with overweight or obesity. 41, 42 Statistical control -in particular an appropriate adjustment for total energy intake 43, 44 -can partly remove these biases. The EURODIAB study included only a few overweight or obese persons with type 1 diabetes. Overall energy-reporting of the cohort was better than in many other population studies, 39 which may well reflect the considerable effort directed towards an accurate assessment of nutritional data. 27 Nevertheless, the inverse associations of reported total energy intakes with measures of body weight seen in this study suggest a slight energy under-reporting problem also in overweight or obese persons with type 1 diabetes. Therefore, we adjusted for energy intake in all analyses.
In the present study associations between nutrient intake and body weight could also be influenced by metabolic alterations specific to type 1 diabetes. The inclusion of HbA 1c and insulin doses in the models accounts for potential confounding introduced by the quality of glycaemic control and insulin adjustment. We also considered the patients' physical activity and their smoking habits. However, we cannot rule out the possibility that the observed relations partly reflect associations between body weight and further lifestyle factors, such as the individuals' educational status, which was not included in the multivariate analysis since data were only available for persons older than 25 y. This is the first study to report the predictive role of nutrient intakes for measures of body weight in persons with type 1 diabetes. We found that higher carbohydrate intakes were related to a lower BMI, a lower WHR and a thinner WC, while higher fat intakes, namely increased saturated fat intakes, predicted a higher WHR for both genders. Such opposing relations have also been shown in cross-sectional studies conducted in the general population. 12 -16,19,20,45,46 Evidence from clinical studies in obese persons comparing the efficacy of calorie-reduced diets with different fat:carbohydrate relations is less clear, however, low-fat, high carbohydrate diets appear to produce a somewhat better long-term weight-loss 47 -53 and have beneficial effects on CVD risk factors. 54 In addition, the results from our study in people with type 1 diabetes suggest that more attention should be directed not only to the quality of dietary fat, but also towards the choice of carbohydrate-providing foods. We identified a higher intake of cereal fibre and=or a lower dietary glycaemic index as predictors for the WHR or the WC. Observational studies examining carbohydrate consumption from different sources for an association with body weight have traditionally compared simple and complex carbohydrates. 12 -14,19,22 However, recent evidence from the Nurses Health Study suggests that the dietary glycaemic index and cereal fibre intake are better predictors for the development of the obesity-related disorders coronary heart disease and type 2 diabetes. 55, 56 This study in people with type 1 diabetes found genderdifferences in the prediction of BMI and WC by alcohol consumption. Men with a moderate alcohol consumption up to 20 g per day had a significantly higher WC, and women not consuming any alcohol had a lower BMI. Similarly, findings from cross-sectional studies in the general population reported associations of higher intakes of alcohol with a higher BMI or WHR in men, 16, 23, 45 while the alcohol intake of women was either related to a lower BMI 19, 20, 44 or no association was found. 16, 23 In conclusion, the present study shows that a modified fat intake, an increase of carbohydrate and (cereal) fibre intake and a preferred consumption of low glycaemic index foods are independently related to lower measures of body weight also in European persons with type 1 diabetes.
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